Background: The present study aimed to elucidate the safety and effectiveness of a noble and unique airway management technique in which a pediatric intubation tube is used in adult patients with atrial fibrillation (AF) undergoing catheter ablation (CA) under continuous deep sedation. Methods: In total, 246 consecutive patients with AF (mean age, 65710 years; 60 women) underwent CA under dexmedetomidine-based continuous deep sedation. A 4-mm pediatric intubation tube guided by a 10-French intratracheal suction tube was inserted smoothly, and the tip of the tube was located at the base of the epiglottis. The maximum shifting distance of the heart (MSDH) was measured with the 3D mapping system (Ensite NavX system) before and after inserting the pediatric intubation tube. Results: At baseline, the MSDH of patients under continuous deep sedation was 237 14 mm. The pediatric intubation tube reduced the MSDH to 13 7 6 mm (mean reduction from baseline, 38.4 721.7%; Po 0.0001). In contrast, oxygen saturation was significantly increased from 897 8% to 957 3% (Po 0.0001). The mean distance between the nostril and base of the epiglottis was 16.6 70.5 mm. Major periprocedural complications occurred in 9 (3.6%) patients including 3 (1.2%) cardiac tamponade and 6 (2.4%) phrenic nerve injury cases. Larger MSDH (odds ratio, 1.13; 95% confidence interval, 1.04-1.25; P¼ 0.007) was a significant predictor of major periprocedural complications. No major airway complications occurred, except in 3 patients (1.2%) who had minor nasal bleeding. Conclusion: This unique airway management technique using a pediatric intubation tube for CA procedures performed in adult patients with AF under continuous deep sedation was easy, safe, and effective.
Introduction
Catheter ablation (CA) is a standard therapy for treating patients with atrial fibrillation (AF) [1] [2] [3] . In contrast to CA for other less complex arrhythmias, CA of AF requires a relatively long procedural time, resulting in patient restlessness, which interferes with the procedure. Furthermore, the application of radiofrequency (RF) energy during the procedure causes considerable pain to patients. During the procedure, patients are expected to lie still on the operation table for an extended period. Hence, it is necessary to provide patients with adequate sedation and analgesia to avoid restlessness, movement, and pain, and to stabilize their respiration. Several sedation methods are used during CA including conscious sedation with an intravenous anesthetic and an analgesic, deep sedation with or without airway support, and general anesthesia [4] . While each method has advantages and disadvantages, no direct comparison has been reported. Conscious sedation with an intravenous anesthetic and an analgesic is widely used during CA for other arrhythmias and requires a relatively short procedural time. Although conscious sedation has the advantage of avoiding respiratory and hemodynamic instability, it may be insufficient to prevent restless body movements, relieve pain, and stabilize respiration during relatively long procedures such as CA of AF. In addition, this type of sedation may be not applied in institutions where repetitive intracardiac defibrillation is required during AF ablation procedures. General anesthesia could meet all these requirements, but it requires the support of an anesthesiologist and intubation of the patient. Recently, deep sedation with intravenous anesthetics and analgesics was reported to be effective during pulmonary vein isolation (PVI) [5] . In other studies, sedation with a propofol infusion administered by cardiologists with or without assisted ventilation was proven to be safe, effective, and feasible for use in AF ablation [4, 6] . Deep sedation, however, suppresses respiration and/or sometimes results in airway obstruction by a retracted tongue root, causing a decrease in arterial oxygen saturation. Further, it leads to unstable respiration with considerable respiratory variations that interfere with the CA procedure of AF, including catheter positioning. In the present study, we assessed the safety and efficacy of a unique method of airway support using a 4-mm pediatric intubation tube guided by a 10-French (Fr) intratracheal suction tube.
Methods

Study population
In total, 246 consecutive patients (mean age, 65 years; women, n ¼60) were enrolled in this study. The patients were referred to our institution for an initial CA to treat AF refractory to antiarrhythmic drugs. AF was defined as paroxysmal when it terminated spontaneously within 7 days, and as long-standing persistent when it continued for 412 months according to the guideline [7] . All patients provided written informed consent, and our institutional review board approved the study protocol (IRB approval on 2014/03/18; IRB no. 14-28).
Sedation
All procedures were performed with patients under deep sedation. Sedation levels were determined using the Ramsay sedation scale [8] and targeted to level 6 on the scale. The goal of sedation was to keep the patient in deep sedation throughout the procedure while maintaining spontaneous ventilation and cardiovascular hemodynamic stability. After patients were positioned supine on the catheter laboratory table, a pentazocine bolus of 15-30 mg was intravenously administered for analgesia. An introduction dose (3 mg/kg/h) of dexmedetomidine was administered for 20-30 min, followed by a maintenance dose (0.5 mg/kg/h). Low-dose propofol (0.08-0.2 mg/kg/ h) was also administered from the beginning of the procedure if required to achieve stable sedation. The dose was carefully titrated to achieve the desired sedation level and to prevent side effects such as bradycardia or hypotension. Additional 2-mL boluses of 2% propofol were given as required to maintain the state of deep sedation. Oxygen was administered via a face mask starting at 5 L/min. Vital signs were continuously monitored throughout the procedure. Heart rate was monitored with a 12-lead electrocardiogram, and arterial pressure was measured invasively through a 4-Fr sheath in the femoral artery. Ventilator function was monitored by regular observation, and by auscultation of the patient, if necessary; oxygenation was continuously monitored by pulse oximetry. The patient's level of consciousness was examined continuously throughout the procedure.
Insertion of the pediatric intubation tube
After lidocaine hydrochloride jelly was injected through the nasal cavity, a 4-mm pediatric intubation tube was smoothly inserted by a physician or a nurse using a 10-Fr (3.3 mm) tracheal suction tube. The location of the tip of the tube was determined at the point below the epiglottis and beyond the vocal cord. As the vocal cord was not visible under fluoroscopy, we positioned the tip of the tube at the base of the epiglottis as shown in Fig. 1 , so we could achieve sufficient airway support and avoid vocal cord damage. If required, the proximal side of the tube was cut to adjust the tube length.
2.4. Maximum shifting distance of the heart (MSDH) using the EnSite NavX System
As shown in Fig. 2 , the MSDH was defined as the shifting distance of the catheter in the coronary sinus compared to the initial catheter location displayed in the 3-dimensional mapping system (Ensite NavX, St. Jude Medical, St. Paul, MN, USA). The MSDH was defined as the maximum shifting distance between the location where patients breathe in and that where they breathe out in a stable respiratory state. The distance was measured twice, and the mean value was applied for the study. The MSDH was measured after automatic geometry acquisition without the respiratory compensation function. The MSDH under deep sedation was measured before and after inserting the pediatric intubation tube during the stable state of respiration.
Electrophysiological study
Antiarrhythmic drugs were discontinued for 47 days (amiodarone was discontinued for 41 month) before the ablation. All patients were also effectively anticoagulated for 41 month. A 7-Fr, 20-or 14-pole, two-site mapping catheter (Irvine Biomedical, Irvine, CA, USA) was inserted through the right jugular vein and positioned in the coronary sinus for pacing, recording, and internal cardioversion.
CA technique
The strategy of extensive pulmonary vein isolation was previously described [9] . An activated clotting time of 4300 s was maintained with a continuous infusion of heparin during the procedure. After a transseptal puncture, two long sheaths (SL0, AF Division, St Jude Medical, Minneapolis, MN, USA) were introduced into both superior pulmonary veins (PVs) via the same transseptal hole, and pulmonary venography and contrast esophagography were performed to determine the anatomical relationships of the PV ostia, left atrium, and esophagus. Two circular mapping catheters were placed in the superior and inferior PVs, and the left and right ipsilateral PVs were circumferentially and extensively ablated under fluoroscopic and electrophysiological guidance. RF energy was delivered with a non-irrigated 8-mm-tip ablation catheter (Japan Lifeline., Tokyo, Japan) using an RF power of 35-40 W under a temperature limit of 55°C, or an irrigated 4-mm-tip ablation catheter (Cool Path Duo, St. Jude Medical, St. Paul, MN, USA or EZ Steer Thermocool NAV, Biosense Webster, Diamond Bar, CA, USA) with an RF power of 25-30 W and a cut-off temperature of 45°C. The endpoint of this procedure was complete PVI, which was defined as the disappearance of all PV potentials recorded by multipolar circular catheters (Inquiry TM A-focus TM II, St. Jude Medical, St. Paul, MN, USA or Lasso, Biosense Webster, Diamond Bar, CA, USA) (entrance block) and a loss of capture of the left atrium by circumferential pacing from circular catheters placed at the PV ostium (exit block). Adenosine triphosphate (20-40 mg) was injected to unmask any dormant conduction Z30 min after completing PVI, and the reconnected conduction was disconnected [10] . A cavotricuspid isthmus line was created with an endpoint of a bidirectional conduction block [11] . If AFs were reproducibly initiated from non-PV foci, they were focally ablated [12] . When non-PV foci were located in the superior vena cava (SVC), the SVC was electrically isolated [13, 14] . Before SVC isolation, pacing was performed with an output of 5 mA and pulse width of 2.0 ms to avoid phrenic nerve injury. Linear ablations (i.e., the left atrial roof and/or bottom and/or mitral isthmus lines) were performed only when AFs from undetermined origins or macroreentrant atrial tachycardia spontaneously occurred, with an endpoint of a bidirectional conduction block [15, 16] . On completion of the procedure, the endpoints of extensive PVI, SVC isolation, and linear ablations were re-confirmed.
Statistical analysis
The data are expressed as mean (standard deviation) for continuous variables, or frequencies and percentages for categorical variables. To compare the MSDH and oxygen saturation at baseline during continuous deep sedation and after insertion of the pediatric intubation tube, the paired t test was used. To clarify the predictors of major periprocedural complications, univariate analysis was performed first. Sequentially, all variables with P-values o 0.3 in the univariate analysis were included in multiple logistic regression analysis, and odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. P-values o0.05 were considered statistically significant.
Results
Patients' characteristics and procedure details
The baseline characteristics of the 246 patients are shown in Table 1 . Eighteen patients (7.3%) were obese (body mass index Z30 kg/m 2 ). 193 (78.5%) patients were CA-naive, among whom 85 (44.0%) underwent the procedure for non-paroxysmal AF. The pediatric intubation tube was successfully inserted in all patients through the tracheal suction tube within 3 72 min, and it was placed in the appropriate location as confirmed by fluoroscopy.
Among patients who received the initial CA, PVI was completely achieved in all patients; focal ablation, including SVC isolation, was performed in 93 of 193 (48.1%) patients, and linear ablation was also performed in 35 of 193 (18.1%) patients. However, in 53 patients, the procedures were for the redo session, and 32 (60.4%) patients underwent the procedure for non-paroxysmal AF. Of those, focal ablation, including SVC isolation, was performed in 40 of 53 (75.4%) patients, and linear ablation was also performed in 32 of 53 (60.4%) patients. During the procedure, neither the shifting of the electro-anatomical map nor the dislocation of the reference electrode due to patient movements was observed. The mean procedure time was 190 751 min. Although 5 (2.0%) patients had hypotension (blood pressure, o 90 mmHg), no patients required any inotropic drugs during the procedure. Further, according to the post-procedural questionnaire, none of the patients had severe pain, and 239 (97.2%) did not remember anything during the procedure. Regarding major complications, 3 (1.2%) patients had cardiac tamponade and required pericardiocentesis (Table 2 ). In addition, 6 (2.4%) patients had phrenic nerve injury; the symptom of dyspnea improved within 6 months in all patients, but the diaphragmatic function was not completely recovered in 1 patient. Regarding airway complications, 3 (1.2%) patients had minor nasal bleeding without a decrease of the hemoglobin level. Among the 9 patients with major complications, 5 (55.6%) had a large MSDH 4 15 mm (Tables 2a and 2b ).
MSDH before and after inserting the pediatric intubation tube
The MSDH is shown in Fig. 3a . At baseline, the mean MSDH was 9.8 72.3 (median, 10 mm; range, 3-16 mm). Under continuous deep sedation, the mean MSDH significantly increased to 22.8 712.6 mm (median, 20 mm; range, 3-84 mm). However, the pediatric intubation tube reduced it to 12.7 75.7 mm (median, Fig. 2 . Measurement of the maximum shifting distance of the heart. CS, coronary sinus. Data are presented as n (%) or mean (standard deviation). AF, atrial fibrillation; BMI, body mass index; LAV, left atrial volume; LVEF, left ventricular ejection fraction.
Table 2a
Periprocedural complications. 
Periprocedural complications n (%)
Major
Oxygen saturation before and after inserting the pediatric intubation tube
The shift of oxygen saturation is shown in Fig. 3b . At baseline, the mean oxygen saturation was 99.1 71.1 (median, 99% mm; range, 95-100%). Under continuous deep sedation, the mean oxygen saturation significantly decreased to 89.2 77.9% (median, 90%; range, 61-100%). Oxygen saturation decreased o90% due to an airway obstruction by the tongue root in 91 (34.0%) patients. However, the pediatric intubation tube improved the oxygen saturation to 96.4 752.6% (median, 97%; range, 82-100%).
Predictors of major complications
Univariate Cox proportional analysis showed that a smaller left atrial volume (LAV) (P¼0.028) and larger MSDH (P¼ 0.005) were significantly associated with the occurrence of major complications as shown in Table 3 . In addition, these two parameters were both associated with those complications in multivariate analysis (LAV: OR, 0.95; 95% CI, 0.91-1.00; P ¼0.06 and MSDH: OR, 1.13; 95% CI, 1.04-1.25; P¼ 0.007).
Discussion
Main findings
In the present study, we objectively demonstrated the effectiveness of our simple and unique method and elucidated the following: (1) continuous deep sedation with dexmedetomidine and low-dose propofol significantly increased heart movement AF, atrial fibrillation; BMI, body mass index; CT, cardiac tamponade; CTI, cavotricuspid isthmus ablation; FA, focal ablation; LA, linear ablation; LAV, left atrial volume; LPEF, long standing persistent atrial fibrillation; MSDH (AS), maximum shifting distance of the heart under the airway support; MSDH (B), MSDH at baseline; MSDH (UDS), MSDH under the deep sedation; PAF, paroxysmal atrial fibrillation; PEF, persistent atrial fibrillation; PI, phrenic nerve injury; PVI, pulmonary vein isolation; SAT (AS), saturation under the airway support; SAT (B), saturation at baseline; SAT (UDS), saturation under the deep sedation. Fig. 3 . Maximum shifting distance of the heart (a) and oxygen saturation (b) before sedation, under continuous deep sedation, and under airway support. and decreased the oxygen saturation; (2) the airway management technique using a pediatric intubation tube was, simple, safe, and effective for supporting the airway during CA procedures in adult patients with AF under continuous deep sedation; and (3) a larger MSDH under the continuous deep sedation and a smaller LAV were significantly associated with the occurrence of major complications.
Continuous deep sedation during AF ablation
Several studies reported the effectiveness and safety of continuous deep sedation during AF CA. However, heart movement and desaturation caused by unstable respiration with considerable respiratory variations and airway obstruction due to a retracted tongue root are the main problems during the procedure. To avoid these issues, some studies recommended assisted ventilation or an anesthetist in immediate attendance during the procedures [6, [17] [18] [19] . However, these services require money, time, and the support of an anesthesiologist, and not all institutions can afford these preparations. In contrast, providing airway support under continuous deep sedation with a pediatric intubation tube was a simple, safe, and effective method.
The nasopharyngeal airway can be another possible choice. However, Stoneham et al. studied 120 anesthetized adult patients and demonstrated that the nasopharyngeal airways were frequently misplaced, 60% positioned beyond the tip of the epiglottis and 13% positioned in the vallecular [20] . They reported that the mean distances between the nostril to the vocal cord were 20.9 cm in men and 18.0 cm in women, whereas those between the nostril and the tip of the epiglottis were 15.9 cm and 14.0 cm, respectively [20] . Considering this evidence, the location of the tip of the tube in the present study seemed to be ideal; the mean distances between the nostril and back of the epiglottis were 16.9 70.4 mm in men and 15.8 70.3 mm in women. In addition, insertion of the tube through the nasopharynx is reported to be associated with a risk of epistaxis [21] , and a severe case of epistaxis requires abrasion of the nasal mucosa, including Kiesselbach's area [22] . In addition, a unique characteristic of AF ablation is that patients are usually anticoagulated and considerably heparinized during the procedure. For this reason, we sometimes experience very severe epistaxis requiring blood transfusion. From the results of the present study, we believe that the risk of epistaxis is remarkably low when inserting a pediatric tube through the tracheal suction tube. Although the pediatric intubation tube bore may be too narrow, it prevents glossoptosis because the air not only passes through the tube, but also in the space around the tube without any severe airway complications. From the economical point of view, the combination of a pediatric tube and a tracheal suction tube costs ¥770 (USD $ 6.67), which is more reasonable than a nasal airway tube ¥1070 (USD $ 9.27).
In this study, we quantitatively demonstrated the effectiveness of a pediatric intubation tube in adult patients with AF. However, a larger MSDH after airway support remained an independent predictor of major complications, including cardiac tamponade and phrenic nerve injury. During our procedure, we performed highoutput pacing from the ablation catheter just before RF applications at the SVC and the anterior wall of the right PVs, confirmed the location of the phrenic nerve, and prevented its injury. However, we did not keep pacing during the applications. As a result, the location of the ablation catheter may have moved during deep respiration, and phrenic nerve injury would have occurred in patients with a larger MSDH. In these patients, assisted ventilation or an anesthetist in immediate attendance may reduce complications. Further examination should be performed to elucidate this.
Although some studies have reported hypotension as a side effect of deep sedation during AF ablation, it is not prolonged and usually controllable [23] . In the present study, the sedation level was appropriate, and no patients required inotropic drugs for severe hemodynamic instability.
Limitations
The present study has some limitations. First, this was an observational study by design, patients were not randomized against a comparison group with a nasopharyngeal tube, and assisted ventilation was not used in this study. However, we believe that our results have clearly shown that the use of a pediatric intubation tube is at least a safe and feasible way to support the airway without causing any severe airway complications. Second, although the result of the study showed that a larger MSDH was a predictor of the major complication, there were few complications. Further study, preferably with a randomized design and a larger population, is warranted. Third, because of the short follow-up period, the AF recurrence rate was not discussed in this study. Thus, the impact of airway support using a pediatric intubation tube on the AF recurrence rate should be clarified in a further study.
Conclusions
A unique airway management technique using a pediatric intubation tube was safe and effective for performing CA procedures in adult patients with AF under continuous deep sedation. However, in patients with a large MSDH, even under airway support with a pediatric intubation tube, the CA procedure should be carefully performed to avoid complications.
